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Introduction
The absorption process is one of the phenomena which appear often in ecosystems, physics of the condensed matter, thin films, chemistry,echological processes and represents a very useful tool in protection of the environment and in various industrial processes. The kinetic of absorption depends of many factors, however for many systems simple equations are used. On this line of taught we mention that one of the model of this type was introduced for the first time by Langmuir [1] and developed later one by Kankare, Vinokurov, Kapoor [2, 3] and others. The Langmuir model was used successfully in the analysis of absorption kinetics for monolayer film.
In order to analyze the kinetics of adsorption/desorption of gas vapors molecules fixed on organic and inorganic films the model of isotherms absorption was used (see for example Refs. [4] [5] [6] [7] [8] [9] and the references therein).
We mention that recently ZnO nanoparticles have synthesized by using the sol-gel method with approximately 10 nm diameter and the humidity adsorption and desorption kinetics of ZnO nanoparticles were investigated within the Quartz Crystal Microbalance technique [10] . In addition [10] the morphology and crystal structure of the ZnO nanoparticles have been investigate by Scanning Electron Microscopy as well as by X-Ray Diffraction. In this context the dynamic Langmuir adsorption model was used to find the kinetic parameters,e.g. adsorption and desorption rates and Gibbs free energy under a given relative humidity. The experimental results clearly show that ZnO nanoparticles have a great potential for humidity sensing applications at room temperature operations [10] .
The rapid development of the fractional calculus and its applications [11] [12] [13] [14] [15] [16] started to develop new methods and techniques in order to deal with non-locality. In fact this kind of theory contains as a particular case the classical theory and it is suitable to define properly the dynamics of the complex systems. The discrete version of this theory may lead us to a better understanding of the discrete phenomena with memory effects. In order to achieve this goal new mathematical tools are required. In this manuscript we use the theory of time scales developed in the last few decades (see for example Ref. [17] and the references therein) which was introduced in order to unfired the continuous and discrete analysis. Particularly by choosing the time scale to be the set of real numbers, the general result yields a result involving an ordinary differential equation. In addition of this by choosing the time scale to be the set of integers we end up with the general results appearing in difference equations.
However, to our knowledge there are few direct applications of this type of theory, therefore still an open problem is to provide real world applications. We mention that we can find many examples of discrete phenomena. The difference equations are very useful in describing the real world phenomena and they have appeared much earlier than differential equations, however in recent years the topic received a lot of attention. For hybrid systems possessing continuous and discrete behaviors the techniques used are described within the time scale theory
The aim of the manuscripts are two-fold: the first goal is to generalize the Langmuir model through a system of linear nonhomegeneous discrete equations and the second one is to show that indeed the time scale theory has important applications in describing the memory effect of this system.
Having these thinks in mind we organize the manuscript as follows:
Section 2 contains the basic definitions of the time scales calculus. In section 3 we described the model and its justification. Section 4 deals with our illustrative examples. Finally,section 5 presents our conclusions.
Basic tools
In this section we introduce the basic mathematical tools used in the next sections. We define a time scale set T as a non empty closed subset of R. The sets R Z and Z are genuine examples of such sets [17] . The forward jump operator σ : T → T is defined as σ ( ) = inf{ ∈ T : > } for all ∈ T and the backward jump operator has the form ρ :
The set T is defined to be T if T does not have a leftscattered maximum; otherwise it is T without this leftscattered maximum [17] .
We say that a function :
if there is a number ∆ ( ) with the property that ∀ε > 0 there is a neighborhood
The number ∆ ( ) is called the delta derivative of on T κ . We have the following theorem Theorem 1 [17] Assume that : T → R is a function and let ∈ T 
(c)If is right-dense, then is differentiable at iff the limit
derivative has the following form
The exponential function α ( 0 ) on Z is given by [17] (1 + α )
and
Let us consider the following linear system of differential equations on time scale
where A is a real constant n x n matrix. Theorem 1 [17] If λ 0 , − → ξ is an eigenpair for the constant n x n matrix A,
where A is assume to be regressive which means that I + A is invertible for all ∈ Z. Theorem 2 [17 
is given by
where y(t,s) is the Cauchy function [17] for the equation (7).
The model and its justification
Let us consider a cluster of adsorbed molecules that is formed by means of interaction with other molecules forming a substrate (layer). We suppose that the cluster considered has an absorption center and adsorbed/desorbed molecules form a specific "rays" (having approximately a segment). Such form can be formed in the result of DLA process, for example. So, the cluster can have approximately a form of a star with finite "rays" starting from the center of absorption. We want to show that for star-like clusters the absorption equation has a form of retarding equation with memory and the concrete type of memory can be derived for continuous and discrete cases. We start to derive the desired model from the general absorption equation
= 1 2 and C 0 = C +1 = 0. Here
and θ ≡ θ ( ). We assume in the following that ∆ as being the derivative on time scale. We present (8) in a discrete form for each finite ray similar to the initial Langmuir equation. In general system (8) the coefficients C determine the concentration balance of the distributed substance on the current k-th ray and these values can be positive or negative. The values E takes into account the influence of substrate (or in some cases the influence of the surrounding gas phase for example). For further consideration taking into account only interaction with neighboring layers we present this system of discrete equations in the following form
where = 1 2 Here we take into account the interaction (balance concentration exchange) between the nearest rays of the cluster (that is expressed in terms of the shifting operator).
The coefficients k and E determine correspondingly the relative distribution of absorbed/desorbed molecules between neighboring rays and the substrate. For further mathematical manipulations we present the system (10) in the following form
where = 1 2 and λ = σ , = σ . We suppose also that the ratio
for all = 1 2 keeps its constant value and does not depend on the index of the current ray. The physical meaning of this supposition is the following. The influence of substrate is proportional to both the value of the balance constant k and the ratio of all balance coefficients (12) that regulate the interaction of adsorbing/desorbing processes inside a ray and between the neighboring rays keeps its constant value. Taking into account expression (12) we present the system in the following form
The last equation takes into account the geometry of the cluster considered. Now the system can be reduced only to the single equation containing one variable. This equation is obtained easily from the system (13) and has the form
So, for this model (having the structure of the star-like cluster) one can obtain only one difference kinetic equation with memory that describes the absorption/desorption process in a cluster having a star-like structure. This model can be generalized easily for all clusters having a rotation axis, in particular, for clusters having the cone or cylinder forms. If these clusters are statistically similar to each other then one can replace the variable 1 figuring in (14) by its mean value and other parameters in (14) also can be considered as independent from an index of the fixed ray. So, for an irregular surface that contain a set of similar clusters having a rotation axes and located on some substrate we have approximately rather general kinetic equation that describes an absorption/desorption phenomenon (
The general solution of the proposed new model is described by (7).
Examples
In this section we present some illustrative examples of linear systems encoding memory.
Case 1
Let us consider the following discrete generalization of the Langmuir model
with appropriate initial conditions. This model has a physical meaning, namely we have n layers and we consider the interaction of a given layer with the next one. The coefficients C = 1 ,D and E are coefficients of absorption and desorption respectively.However the big question is to find the appropriate geometry corresponding to the a nonlocal difference equation of Z.
The above system (16) can be reduced to the following discrete differential equation for θ
keeping in mind that ∆C = 0 = 1 . Taking into account the expression of the derivative on time scales we conclude from (1) that the Langmuir model was reduced to a linear non-local difference equation. Having in mind that the solution of (1) is of fractal type we mention that we have several geometries of the layers behind it. For example we can consider a cylinder and cut it in small vertical pieces such that the obtained cross sections have the required physical meaning implied in (16).
Case 2
Let us generalize the system (16) in the following way
By direct calculations we observe that the characteristic roots of the following matrix
where dots denotes zeros entries, are given by
and C 3 are real constants [19] . The solution of (18) has the following form
where θ = (θ 1 θ 2 θ 3 ) ξ are the eigenvectors of the matrix corresponding to the system (18) and the eigencoordinates λ are mentioned before. For the particular case of n=3 layers the corresponding eigenvalues are given by
and the corresponding eigenvectors can be written as (1 + λ ) ξ
Depending of the signs of constants C 1 C 2 and C 3 from (21) we can have oscillatory solutions when the square root is complex.
Conclusions
The nonlocal phenomena has begun investigated intensively in the last few decades in connection with the dynamics of the complex systems. In this manuscript we have found a class of geometries which are associated naturally with the linear systems with memory possessing physical meaning. On this line of taught we generalized the Langmuir model within the time scales calculus (which unifies the description of discrete and continuous models) and we explained the results having the physical meaning for the case H. The oscillatory solutions are reported for the case when the number of layers are equal to 3. The reported equations can be handled within any kind of type scale, therefore their applications are connected to the dynamics of the hybrid systems.
